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ThemorbidityofdiabetesmelitusisincreasinggradualyinJapanesepopulations.Itisimportant
toclarifytheriskfactorsofdiabetesinJapanesepopulationsinordertotakeadequatemeasures
againsttheincreasingmorbidityofdiabetes.Inordertoevaluatethelinkbetweenpastand
concurrentobesityanddiabetesinmiddle-agedJapanesemen,weconductedaworksite-based
historicalcohortstudyinOkayama,Japanin1999.Annualhealthexaminationdataofmiddle-aged
maleworkersinaworksitewerecolected.Therelativerisksofpastandconcurrentobesityfor
developingdiabeteswerecalculated.Subjectswithapasthistoryofobesityatbetween40and50
yearsofagehadasigniﬁcantlyhigherriskofdevelopingdiabetesbyage55thandidsubjectsinthe
normalweightgroup.Theseresultssuggestthat,inordertopreventdiabetesinmiddle-aged
Japanesemen,healthguidancefornormalweightmaintenanceshouldbeprovidednotonlyfor
middle-agedmen,butalsoformenunderage40.
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D iabetesmelitusisacommondisease.Asof1999,therewere2.1miliondiabeticpatientsinJapan
［1］.AstudyconductedbytheJapaneseMinistryof
HealthandWelfareestimatedthattherewere6.9milion
peoplediagnosedwith,orhighlysuspectedofhaving,
diabetesinJapan［2］.Thenumberofpatientshasbeen
increasinggradualy,andithasbeenestimatedthatthe
numberofpatientsdiagnosedwithorhighlysuspectedof
havingdiabeteswilreachmorethan10milionwithin10
years［3］.
Themostcommonformofdiabetesmelitusinthe
Japanesepopulationistype2diabetes.Itiswelknown
thatthistypeofdiabeteshasseveralriskfactors,suchas
afamilyhistoryofthedisease,malesex,advancingage,
andsomeenvironmental-andlifestyle-relatedfactors［2,
4-10］.Themainreasonsfortheincreasingincidenceof
diabetesintheJapanesepopulationareconsideredtobe
environmentalandlifestylechanges［3］.
Amongthelifestyle-relatedfactors,obesityisreport-
edtobeoneofthestrongestriskfactorsfordeveloping
type2diabetes［10-15］.Itisalsoreportedthattype2
diabetesismorestronglyassociatedwithpastthanwith
concurrentobesity［14-16］.However,mostofthese
reportsarefromNorthAmericaorEurope.Andwhileit
isreportedthatdi?erentethnicgroupssharesimilarrisk
factorsfordiabetes,theimpactofthesefactorsdi?ers
betweenethnicgroups［4,5］.Toreducetheincreasing
prevalenceofdiabetesinJapan,itisthereforeimportant
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toevaluatetheriskfactorsfordiabetesintheJapanese
population.Despitethisfact,therehavebeenonlyafew
cohortstudiesconcerningdiabetesandobesityinthe
Japanesepopulation［7,17］.
Inthisstudy,weevaluatedtheriskofobesityfor
diabetesinmiddle-agedJapanesemenbymeansofan
historicalcohortstudywitha15-yearfolow-upperiod.
MaterialsandMethods
Weconductedaworksite-basedstudyinOkayama,
Japanin1999.Thestudypopulationconsistedof
Japanesemaleworkersintheinformationindustryin
Okayama,Japan.InJapan,employersarerequiredto
conductannualemployeehealthexaminations,andtogive
adequatehealthguidanceaccordingtotheresultsofthese
examinations.Itisrequiredthatthehealthexaminations
databekeptattheworksiteforatleast5years,andin
thecaseofthepresentworksite,thedatawaskeptfor
morethan20years.Weusedthedatabetween1975and
1998forevaluationoftheassociationbetweenobesityand
diabetes.
Beforedatacolection,guidelinesforhandlinghealth
examinationdataforthisanalysiswereestablished.Only
thehealthcaresta?from theworksitehandledand
transcribedtheoriginaldata,andalpersonalinformation
wasomited.Non-sta?investigatorshadaccesstothe
transcribeddataonly.Consenttocolectdatausingthese
guidelineswasobtainedfromtheemployerpriortothe
startofthestudy.
Maleworkerswhowerebetween30and40yearsof
agein1975wereenlistedasstudysubjects.Thehealth
examinationdataofthesesubjectsat40,45,50and55
yearsofagewerecolected.Forsubjectswhodidnot
undergohealthexaminationsatthespeciﬁedages,avail-
abledataat40±2,45±2,50±2or55±2yearsof
agewasused.Thedatacolectedincludedbodyweight,
heightandfastingplasmaglucoselevel(FPG)ateachage.
Whetherornotasubjecthadbeendiagnosedasdiabetic
beforetheexaminationateachagewaspartoftheroutine
healthquestionnairegivenateachexaminationandwas
incorporatedintothestudydata.Ateachage,subjects
whoseFPGvaluewas126mg/dlorhigher［18,19］or
whohadalreadybeendiagnosedasdiabeticwerejudged
tobepatientswithdiabetesinthisanalysis.Bodymass
index(BMI)wascalculatedasweightinkgdividedbythe
squareofheightinm.Wecategorizedsubjectsinto4
groupsaccordingtotheirBMIvalueateachage,i.e.,
BMIlessthan18.5(underweight),between18.5and22.9
(normalweight),between23.0and24.9(overweight),
and25.0ormore(obese)［4,20］.
Inthehistoricalcohortexamination,weexcluded
thosesubjectswhosehealthexaminationdatawerenot
availableforalages(i.e.,40,45,50and55years).We
alsoexcludedthosesubjectswhohadbeendiagnosedwith
diabetesbefore40yearsofage,orwhoseFPGvalueat
40yearsofagewas126mg/dlorhigher.
ChangesinBMI,FPGanddiabetes-relatedmorbidity
werecalculated,folowingtheanalysisoftherisksofpast
andconcurrentobesityfordiabetes.ChangesinBMI
from40to55yearsofagewereclassiﬁedintothree
categories:decreaseinBMI,increaseinBMIofless
than1.5,andincreaseinBMIof1.5ormore.We
evaluatedtherelationshipbetweenchangesinBMIand
theriskofdevelopingdiabetesbytheageof55.
StatisticalanalyseswereconductedbySPSS8.0J.
Foranalysesofratios,Mann-Whitney’sU testor
Spearman’scorrelationcoe?cientbyranktestwereused.
RepeatedmeasuresofANOVA wereperformedfor
analyzingthedi?erencebetweenvariablesateachage.
Theriskofobesityfordiabeteswascomparedwiththe
normalweightgroupandcalculatedasarelativeriskwith
95 conﬁdenceintervals.AP-valuelessthan0.05was
consideredtoindicatestatisticalsigniﬁcance.
Results
Aspotentialsubjects,280maleworkerswereenlisted.
Therewere127subjectsforwhomhealthexamination
datawasavailableateachoftheagesgivenabove,and
whowereconsideredtobenon-diabeticat40yearsofage.
These127subjectswereanalyzedinthisstudy.
Characteristicsofthesubjectsateachagearesumma-
rizedinTable1.Nosigniﬁcantdi?erenceswereobserved
betweenthecharacteristicsofthestudygroupandthose
ofthegroupofpotentialsubjectsexcludedfromthestudy.
Subjectbodyweight,BMIandFPGvalueincreasedwith
increasingage.Diabetes-relatedmorbidityalsoincreased
withincreasingage.Therateofobesityat40yearsofage
was14.2 ,andbyage55itincreasedto23.6 .Less
than1.0 ofsubjectsateachagehadaBMIequaltoor
greaterthan30.0.Diabetes-relatedmorbidityat55years
ofagewas19.7 ,andthisvaluewassigniﬁcantlygreater
thanthoseat40,45or50yearsofage.
Table2showstherelationshipbetweenconcurrentand
pastBMIcategoryanddiabetes-relatedmorbidityat55
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yearsofage.Statisticalsigniﬁcancewasobserved
betweentheBMIcategoryateachageanddiabetes-
relatedmorbidityat55yearsofage.Incidenceofdiabetes
from40to55yearsofagewascalculatedtobe31.40per
1,000person-years.
Therelativerisksfordiabetesatage55dueto
concurrentandpasthistoryofbeingobeseoroverweight
areshowninTable3.Subjectswhowereobeseinthe
pastshoweda3timesgreaterlikelihoodofbecoming
diabeticby55yearsofagethandidsubjectsofthenormal
weightgroup(P＜0.05).Concurrentlyobesesubjectsat
55yearsofageshowedahigherriskofdiabetesthan
normal-weightsubjects,althoughthedi?erencewasnot
statisticalysigniﬁcant.Thosewhowereoverweightinthe
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Table1 Characteristicsofsubjects(n＝127)ateachage?
Ageatexamination 40 45 50 55
Bodyweight(kg)? 61.6±8.1 62.8±8.3 63.2±8.1 63.5±8.7
(53.0-74.0) (52.8-75.0) (53.0-75.0) (52.2-74.5)
BMI(kg/㎡)? 22.3±2.6 22.7±2.8 22.8±2.8 23.0±3.0
(19.0-25.7) (19.0-25.9) (19.5-26.3) (19.3-26.8)
BMIcategory?
＜18.5 5.5% 5.5% 4.7% 7.1%
18.5-22.9 58.3% 48.0% 50.4% 40.9%
23.0-24.9 22.0% 27.6% 22.8% 28.3%
25.0 14.2% 18.9% 22.0% 23.6%
FPG(mg/dl)? 83.6±7.3 95.5±13.0 100.3±12.6 105.1±19.6
(75.0-93.0) (81.8-109.0) (87.0-116.2) (88.0-126.0)
Diabetes-related
morbidity? 0.0% 1.6% 4.7% 19.7%
?,Valuesareexpressedasthemean±standarddeviationwith10percentileand90percentilevaluesgiveninparenthesesforvariablesor
percentageforratios;?,P＜0.001(repeatedmeasuresANOVA);?,P＜0.05(Spearman’scorrelationcoe?cientbyranktest);?,P＜0.001
(Mann-Whitney’sUtest).
Table2 Relationshipbetweendiabetes-relatedmorbidityatage55andpastandconcurrentBMI?
BMI atage:40? 45? 50? 55?
＜18.5 0.0(0/7) 0.0(0/7) 0.0(0/6) 11.1(1/9)
18.5-22.9 13.5(10/74) 14.8(9/61) 10.9(7/64) 13.5(7/52)
23.0-24.9 28.6(8/28) 20.0(7/35) 27.6(8/29) 22.2(8/36)
25.0 38.9(7/18) 37.5(9/24) 35.7(10/28) 30.0(9/30)
?,Valuesareexpressedasdiabetes-relatedmorbidity(%)andnumberofsubjectswithdiabetesatage55/totalnumberofsubjectsin
parentheses;?,P＜0.05(Mann-Whitney’sUtest);?,P＜0.01(Mann-Whitney’sUtest).
Table3 Relativerisksand95%conﬁdenceintervalsofconcurrentandpastobesityfordiabetesatage55withnormalweightgroup(BMI
between18.5and22.9)asreference?
BMI atage:40 45 50 55
23.0-24.9 2.11(0.93-4.81) 1.36(0.55-3.32) 2.52(1.01-6.30) 1.65(0.66-4.15)
25.0 2.88(1.27-6.51) 2.52(1.15-5.62) 3.27(1.38-7.70) 2.23(0.92-5.37)
?,Valuesareexpressedasrelativerisksand95%conﬁdenceintervalsinparentheses.Numbersofsubjectsaresameasthenumberdisplayed
inTable2.
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pastoratpresentalsorepresentedhighrelativerisksfor
diabetesat55yearsofage;however,signiﬁcancewas
observedinonlytheoverweightgroupat50yearsofage.
TheBMIoftwo-thirdsofthesubjectsincreasedfrom
40to55yearsofage.Therewasnosigniﬁcantcorrela-
tionbetweenBMIchangeanddiabetes-relatedmorbidity
at55yearsofage.Whensubjectsweresubdividedby
BMIcategoryat40yearsofage,thoughthesamplesize
becamerathersmal,diabetes-relatedmorbidityat55
yearsofagewasnotrelatedtotheBMIchange(Table4).
Discussion
Inthisstudy,weanalyzedtheincidenceofdiabetes
melitusinmiddle-agedJapanesemen,payingspecial
atentiontotherelationshipbetweendiabetesmelitusand
obesity.Itiswelknownthattherisksfordiseasesand
therateofobesityaredi?erentamongdi?erentethnic
groups［4,5］.Therefore,toconsidermeasuresagainst
theincreasingprevalenceofdiabetesamongtheJapanese
population,itisimportanttograspthecurrentstatusand
riskfactorsofdiabetesintheJapanesepopulation.
TheWHOdeﬁnesindividualswithaBMIof30or
higherasobese［21］.Inthisstudy,however,the
percentageofmiddle-agedmenwhowerejudgedtobe
obesebytheWHOcriteriawaslessthan1 .Therate
ofobesityintheJapanesepopulationisfarlessthanthat
inAmericanpopulations［4,20,22］.Therefore,the
JapanSocietyfortheStudyofObesitydeﬁnesobesityin
JapanasaBMIof25ormore［20］.TheWHO
WesternPaciﬁcRegionoftheInternationalAssociation
fortheStudyofObesityalsodeﬁnesobesityinAsians
usingthesamecriteria,anddeﬁnesbeingoverweightas
havingaBMIbetween23.0and24.9［4］.Wecatego-
rizedsubjectsinthepresentstudyaccordingtothelater
2criteria.Basedonthesecriteria,15 to25 ofour
subjectswereobese.
Weobservedthatsubjectswhowereobeseat40,45
and/or50yearsofagehadanalmostthreetimesgreater
riskofdevelopingdiabetesbyage55comparedtosub-
jectsinthenormalweightgroup.Beingoverweightat50
yearsofagealsorepresenteda2.5timeshigherriskof
diabetesat55yearsofage.However,subjectscurrently
obeseat55yearsofageshowednosigniﬁcantriskfor
diabetes.Inthisstudy,thereisapossibilitythatthepast
andconcurrentrisksofdiabeteswereunderestimated.
Thisisbecausethosewhowerejudgedasdiabeticat55
yearsofagemightalreadyhavebeendiagnosedwithand
treatedfordiabetesbefore55yearsofage,andthus
mighthavetakenstepstocontroltheirbodyweight.We
thereforeshouldnotconcludethatconcurrentobesitywas
notariskfordiabetes,sincetheunderestimationofrisk
wasmorelikelytooccurinpatientswithconcurrentthan
inthosewithpastobesity.Nonetheless,apasthistoryof
obesitywasshowntobeariskfactorfordiabetesin
Japanesemiddle-agedmeninthisstudy.
InpreviousstudiesfromtheUnitedStatesandthe
Europeancountries［11,12,14-16］,pastobesitywas
alsoreportedasoneoftherisksfordiabetes.As
mentionedabove,however,thecriteriaofobesitydi?er
betweenJapaneseandEuropeans.Ourresultsshowthat
alJapanesemenwithaBMIof25ormore―alofwhom
wereclassiﬁedasobeseaccordingtotheJapanesecriteria,
butmanyofwhomwouldhavebeenclassiﬁedasover-
weightbythecriteriaforEuropeans―wereatriskfor
diabetes.Thisﬁndingsuggeststhatplansforprevention
ofdiabetesintheJapaneseshouldbedesignednotusing
theWHOcriteria,butusingtheJapanesecriteriafor
obesity.
Therehavebeenrelativelyfewcohortstudiesonthe
Table4 Relationshipbetweendiabetes-relatedmorbidityatage55andBMIchangefrom40to55yearsofage?
BMIchangefrom40to55yearsofage
BMIat40yearsofage
BMIchange＜0 0 BMIchange＜1.5 BMIchange 1.5
＜18.5 0.0(0/3) 0.0(0/1) 0.0(0/3)
18.5-22.9 18.2(4/22) 8.0(2/25) 14.8(4/27)
23.0-24.9 10.0(1/10) 36.4(4/11) 42.9(3/7)
25.0 37.5(3/8) 50.0(2/4) 33.3(2/6)
Total 18.6(8/43) 19.5(8/41) 20.9(9/43)
?,Valuesareexpressedasdiabetes-relatedmorbidity(%)andnumberofsubjectswithdiabetesatage55/totalnumberofsubjectsin
parentheses.
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Japanesepopulationconcerningtherelationshipbetween
pastobesityanddiabetes［7,17］.Thosestudiesthat
havebeenmadeindicatethatobesityisariskfordiabetes.
Therefore,topreventdiabetes,healthguidancefor
normalbody-weightmaintenanceisconsideredtobe
desirable［3］.Itshouldbenoted,however,thatthe
abovestudieswerebasedon8orfeweryearsofobserva-
tion.Todate,wehavefoundnoreportsobservingthe
relationofpastobesityanddiabetesforalongerperiod.
Thusithasbeenunclearwhichgenerationshouldbe
targetedforoptimalhealthguidance.Ourdatashowed
thatbeingobeseat40yearsofagealreadypresenteda
riskfordevelopingdiabetesbyage55.Thisresult
suggeststhatitisbetertogivenecessaryhealthguidance
topeopleunder40,inordertopreventtheirbeingobese
atage40orlater.Inthepresentstudy,theriskratiosof
obesesubjectswerehigherthanthoseofnormal-weight
subjectsatboth45and50yearsofage.Therefore,
healthguidanceforpeopleintheirfortieswouldalsoseem
highlyimportant.
Beforeclosing,weshouldmentionthelimitationsof
ourstudy.Forjudgmentofdiabetes,weusedonlyFPG
values.Thatis,neithertheglucosetolerancetestnor
HbA1cvalueswereused.Ingeneral,FPGandplasma
glucose2hafter75gglucoseload(2hPG)areusedfor
diagnosisofdiabetesmelitus［18,19,23］.However,
forepidemiologicalpurposes,theAmericanDiabetes
Association(ADA)hasrecommendedtheuseofFPG
126mg/dlalone［19］.Intherecommendationsofthe
JapanDiabetesSociety,itwasstatedthat2hPG 200
mg/dlalonecouldbeusedforepidemiologicalstudies.
Butincasesinwhichthisprovesdi?cult,useofthe
FPG valuealoneisalsopermited［18］. These
simpliﬁcationsofthediagnosticcriteriaforepidemiological
studiesweremadetofacilitateﬁeldwork.Inthehealth
examinationdataweused,FPGvalueswereavailable,
but2hPGvalueswerenot.WethereforeusedtheFPG
valuesaloneforjudgmentofwhethersubjectswere
diabetic.However,somepatientswithdiabetesdiagnosed
bythecombineduseoftheFPGand2hPGwouldbe
judgednotdiabeticbythesimpliﬁedcriteria［18,24］.
Thusithasbeenreportedthatpatientswithdiabeteswho
showedelevated2hPGvaluesasaprodromeoutnumber-
edthosewhoshowedelevatedFPGvaluesasaprodrome
intheJapanesepopulation［18］.Fromthispointofview,
someoftheslightlydiabeticpatientsmighthavebeen
misclassiﬁedasnotdiabeticinthisstudy,andthepreva-
lenceofdiabetesmighthavebeenestimatedasslightly
lowerthanitwouldhavebeenusingacombinationofthe
FPGand2hPG.
InadditiontothesubjectswithFPG 126mg/dl,
weclassiﬁedsubjectswithpreviouslyknowndiabetesas
diabetic.Thiswastoavoidmisclassifyingthosesubjects
whoweretreatedasdiabeticandwhosehyperglycemia
wasimproved.Whetherornotsubjectshadbeenprevi-
ouslydiagnosedasdiabeticwasdeterminedbyquestion-
naireatthehealthexamination.Itwassuspectedthatnot
onlydeﬁnitediabeticsubjectsbutalsoborderlinesubjects
mighthavereportedbeingdiagnosedasdiabetic,and
thereforemighthavebeenclassiﬁedasdiabeticinthis
study.Fromthispointofview,theestimatedprevalence
ofdiabetesmighthavebeenslightlyhigherthanthe
prevalenceofdeﬁnitivediabeticcases.
Overthe15yearsforwhichdatawerecolected,the
numberoftestsattheannualhealthexaminationwas
increased.Withanincreasingnumberofexaminations
comesanincreaseinabnormalﬁndingsandanincreasein
diagnosisorsuspecteddiagnosisofdiabetes.Thusthe
prevalenceofdiabetesatelderagewouldbeslightlylower
ifthenumberofexaminationswasnotchangedforthe15
years.Theprevalencerateofdiabetesinthisstudyrose
signiﬁcantlybetween50and55yearsofage.Andwhile
theagingofsubjectswouldbeoneobviousreasonforthis
increase,wecannotruleoutthepossibilitythatthe
increasedvarietyoftestsalsoplayedarole.
Evenforepidemiologicalpurposes,itmightbedesir-
abletousethesamediagnosticcriteriaasusedclinicaly.
However,thismaysometimesbedi?cultinﬁeldwork
becauseofseveralobstructions,suchasdi?cultyin
obtainingthecooperationofsubjectsoranoverlylong
periodforcompletionofstudies.Tobestclarifytherisk
ofpastobesityfordiabetes,aprospectivecohortstudy
wouldprobablybeideal,butsuchastudywouldtake
morethan20yearstocomplete.Inthepresentstudywe
usedanhistoricalcohortmethodtodeterminetheriskof
pastobesity,althoughthecriteriaforjudgmentof
diabeteswasnotideal.Inthefuture,weconsiderthatit
wouldbepreferabletoanalyzetherelationshipbetween
obesityanddiabetesusingaprospectivemethod.
Therewasafurtherlimitationwithrespecttothe
indicesweused.Wedidnotanalyzefamilyhistoryor
dietary,exerciseorlifehabitsofsubjects,althoughal
theseparametersareknowntorelatetothedevelopment
ofdiabetes［6-9］.WeusedonlyBMIasanindexof
obesity,anddidnotusewaistcircumference,waist-to-hip
ratioorabdominalvisceraladiposetissueaccumulation.
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Somereportshavesuggestedthatfatdistribution,which
isrelatedtothelater3indices,ismorecloselyrelatedto
theriskofdevelopingdiabetesthanisBMI［13,21］.
Furtherstudiesontherisksofdiabetesthatinvolvethese
indicesasfactors,inadditiontoamoreconclusive
methodofconﬁrmingdiabetes,arerequired.
Althoughourpresentstudyhaditslimitations,itis
oneoftheﬁrststepsinconsideringwhatmeasurescould
betakenagainsttheincreasingprevalenceofdiabetes
amongtheJapanesepopulation.Furtherstudiesinthis
areaarerequired.
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